The monarch butterfly, Danaus plexippus (Linnaeus 1758) is a charismatic butterfly known for its multi-generational migration in Eastern North America, and is emerging as an important system in the study of evolutionary genetics. Assigning genes or genetic elements to chromosomes is an important step when considering how genomes evolved. The monarch butterfly has a reported haploid chromosome number of 30. The specimens that this count is Following these new data, I then reconstructed the evolution of haplotypes throughout the Danainae subfamily to provide a testable hypothesis on the evolution of chromosome number for this group.
Introduction
The monarch butterfly, Danaus plexippus (Linnaeus 1758) (Lepidoptera: Nymphalidae) is a large, charismatic insect native to North America and famous for its multi-generational migration across the eastern part of its range (Fig 1.) . The monarch is emerging as an important system in the study of evolutionary genetics, and has had a draft of its genome published (Zhan et al. 2011 ) that has led to significant insights into the evolution of migration and aposematic coloration in butterflies (Zhan et al. 2014) . Ultimately, assigning genes to chromosomes will allow for important insights into the evolution of chromosome number evolution and synteny (conserved ordering of genes on homologous chromosomes).
Researchers investigating the evolution of chromosome number, particularly those working in the Lepidoptera, are keen to have accurate counts so that ancestral states can be reconstructed with some accuracy. This is especially important in the Lepidoptera, which have holokinetic chromosomes that allow the attachment of spindle fibers at multiple locations along the length of each body (White 1973) . Multiple attachment points are thought to allow the chromosomes of Lepidoptera break into many small fragments (Robinson 1971; White 1973 ). As such, there can be significant variation in chromosome number within a Family, Genus or species. For example Eucheira socialis Westwood 1834 (Lepidoptera: Pieridae) exhibits a haploid chromosome count range from n = 24 to n = 39 (Underwood et al. 2005) , and Eunica malvina Bates 1864 (Lepidoptera: Nymphalidae) has a range of n = 14 o n = 31 (Brown et al. 2007 ).While there are clearly species that exhibit a range of haploid numbers, it appears there is strong selection to maintain a particular haploid number of chromosomes that vary by taxa (White 1978; Ahola et al. 2014) .
Researchers investigating genomics of D. plexippus and reporting its karyotype have cited Brown et al. 2004 , which identifies the haploid chromosome count as n = 30. Reading Table 4 from Brown et al. 2004 reveals the specimens that generated this number were from Madras, India and the karyotype number was generated by Rao and Murty 1975. There 
Materials and Methods
To establish karyotypes for D. plexippus from Kansas I prepared chromosome squashes following the protocol used by Underwood et al. 2005 . Briefly, I removed the testes from 5th instar larvae and placed them into fixative. The testes were then macerated, spread over a glass microscope slide, dried and stained with Giemsa. A total of two larvae were initially screened for chromosome counts, and one week later 4 additional specimens were examined for a total of 6. I then used a Zeiss Axio Imager 2 compound microscope with Zeiss EC Plan-Neofluor 100x oil immersion lens to identify cells that were arrested at meiotic metaphase I or II. I used an attached AxioCam MRc5 CCD camera and captured images with ZEN 2012 (Blue Edition) Imaging suite.
Because intra-individual variation in haplotype count is know (Pearse and Ehrlich 1979) each specimen was scored a minimum of four times (four technical replicates from the same individual).
Using these new data, I reconstructed haplotype evolution in a phylogenetic context.
Phylogenies that contain taxa in the Danaini have been published but did not suit my purposes because they were either constructed at the genus level (Wahlberg et al. 2009 ) or were constructed using morphological characters (Brower et al. 2010) . I downloaded the sequences referenced in Brower et al. (2010) (one mtDNA locus, two nDNA loci) and the corresponding sequences of Libythea celtis to serve as an outgroup. The sequences were aligned by locus using Geneious v6.1.8 (Kearse et al. 2012 ) and fit to models of molecular evolution with Data for haplotypes count in the Danaini and L. celtis were acquired from synthetic literature (Robinson 1971; Brown et al. 2004 ) and confirmed with relevant the primary literature.
Using the phylogenetic trees created previously, I pruned the tree using functions in the R package geiger (Pennell et al. 2014 ) so that only tips with character data remained.
Chromosome counts in the Lepidoptera feature high levels of dysploidy, (variation in chromosome number by a single value that takes two forms), ascending dysploidy (addition of a single chromosome due to fission) and descending dysploidy (loss of a single chromosome through fusion). As such, chromosome counts cannot be treated as continuous variables and require alternative approaches (Mayrose et al. 2010) . The pruned tree and data were used to model chromosome evolution with the program chromEvol (Glick and Mayrose 2014), which employs a maximum-likelihood approach to evaluate models of chromosome evolution across a phylogenetic tree. I used the available chromosome count data to provide chromEvol with count frequencies when dysploidy was present in species, and fit a variety of models to the data and phylogeny. Specifically, I considered three models: 1) constant rates of ascending (λ) and descending (δ) dysploidy; 2) linear rates of ascending (λ l ) and descending (δ l ) dysploidy where rates are conditional on the current chromosome number; and 3) a model with all four parameters (λ, δ, λ l , δ l ). I did not consider any models that allowed demi-ploidy or genome duplications, as I am aware of no evidence indicating that these phenomena have been observed in the Lepidoptera (White 1973) . I fit these models to the data and phylogeny using a range of starting parameters (1.0 to 10 -7 ) to minimize the possibility of local optima, and used 10 optimization steps followed by 10,000 simulations to compute the expected number of changes by transition type and compared models using AIC (Akaike 1974) . All data and code have been archived on GitHub 
Results and Discussion
I observed a haplotype count for every D. plexippus male was n = 28 (Figure 2 ), which is two below the count reported for what we now know to be D. genutia (Rao and Murty 1975) .
These chromosomes appear similar in shape to other danaines previously reported (Figure 2 ) (Brown et al. 2004 ) and this haplotype count is still consistent with other counts within Danaus (Table 1) .
I modeled ploidy changes in the Danaini tribe in a phylogenetic context. Lepidopteran chromosomes are holokinetic, i.e. kinetochores are located along the length of the chromosome, rather than concentrated at one location, which is thought to allow spindle fibers to attach at multiple locations along a chromosome and therefore increase the rate of fission (White 1973) , resulting in multiple chromosome numbers within genera, species, and even individuals (Robinson 1971; Underwood et al. 2005; Dincă et al. 2011; Šíchová et al. 2015) . This feature, known as disploidy, occurs throughout the Lepidoptera and is present in the Danaini (Maeki 1961; Brown et al. 2004 ).
I reconstructed a fully resolved and extremely supported phylogenetic tree of the Danainini that had the same topology as Wahlberg et al. (2009) and Brower et al. (2010) . Each of the three chromEvol models we examined converged to similar parameter estimates regardless of starting values, suggesting the algorithm was not stuck on a local optimum. All models generated parameter estimates that predicted both gain and loss of chromosomes in the Danaini, indicating that chromosome fission and fusions have occurred throughout the lineage (Table 2) This revised chromosome count suggests that minor modification to the results of (Ahola et al. 2014) and their reconstruction of chromosome number evolution in the Papilionoidea.
Because chromosome number can vary geographically I strongly encourage the investigation of karyotype in other populations of D. plexippus and the Danainae. 
